The many different telephone-numbering systems in the world require specific approaches for random sampling, and Germany is a case in point. It might well be that its peculiarities exist in other countries as well, but we offer a method on how to deal with these. This is of current importance because more and more surveys are planned as cross-cultural comparisons. Kish () stated a basic principle for sampling in such surveys some years ago: 'Sample designs may be chosen flexibly and there is no need for similarity of sample designs. Flexibility of choice is particularly advisable for multinational comparisons, because the sampling resources differ greatly between countries. All this flexibility assumes probability selection methods: known probabilities of selection for all population elements' (Kish , p. ). In our view an optimal sampling design for cross-cultural surveys should-according to Kish-consist of the best practices used in each participating country, provided that random methods are used.
In this paper we explain a way of drawing samples for telephone surveys in Germany which yields equal inclusion probabilities for both listed and unlisted numbers. Because of this property we recommend it for German studies in cross-cultural surveys conducted by telephone.
First, we explain some prerequisites for telephone sampling in Germany. Then, we introduce the reader to the difficult German numbering system. After that an adequate sampling design for population surveys is presented and results of an empirical application are shown.
PREREQUISITES FOR TELEPHONE SAMPLING IN GERMANY
Telephone surveys have become the most frequently used mode of data collection in Germany in recent years. At present, more than  percent of all interviews in social and market research 1 are done by telephone (ADM ). In the middle of the s telephone density (fixed-line telephone penetration in private households) in Germany reached more than  percent. At that point of time several studies showed that there were no remarkable differences between households
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1 Conducted by member institutes of the 'Arbeitskreis Deutscher Markt-und Sozialforschungsinstitute'. . Thus, the number of both interviews and CATI workplaces has considerably increased during the last five years. The remaining obstacle for the wider use of telephone surveys was the non-availability of an adequate design yielding unbiased probability samples for population surveys.
NUMBERING SYSTEM
For an understanding of sampling problems it is necessary to know the principles of the numbering system in Germany. A telephone number consists of two parts (Hofmann ):
. The area code varies from two to five digits plus a leading zero. In four large cities (Berlin, Munich, Hamburg, Frankfurt) the area code has only two digits-in small East German rural areas it has five digits. They start with the numbers , , , , , , , or . These first numbers indicate the region. For instance, all numbers starting with a '' are in East Germany or Berlin. However, the boundaries of the telecommunication areas are not congruent with political boundaries. That means that several municipalities can have one area code and there may be different area codes for the same municipality. . The subscriber numbers may vary from three to nine digits. The only criterion for the length of this number seems to be the following: the older the subscriber number and the more rural the region, the shorter is the subscriber number. Thus, the length of the subscriber number indicates the time period in which the telephone has been installed.
The length of area codes and subscriber numbers can vary from six to eleven digits. The Regulatory Authority for Telecommunications and Posts, who has held responsibility for the numbering system since January , tries to maximize the length of the telephone numbers (under the condition that the sum of the length of the area code and the length of the subscriber number does not exceed eleven digits), because otherwise in some areas free blocks would be lacking. Thus, the shorter numbers will gradually disappear. However, there is no general standardization of the numbering system planned, as was done in the UK a few years ago.
SAMPLING DESIGN
Thus, we have to tackle the following problem: if we want to draw a sample of the German population, we have to build it up from the , different telecommunication areas covering Germany. The question arising in this context is how to create a frame that contains both listed and unlisted numbers within each area code, because the Regulatory Authority does not provide the necessary information. One possibility would be to take the full range between the lowest and the highest subscriber number for each area code and to generate all possible numbers lying between these borders. But this method of Random Digit Dialing would generate almost no interviews, as can be shown in the following example. For the area code '' the lowest number 2 is , the highest number is . There are , numbers listed in the telephone book for this area code. Some of them follow closely one after one another-between others there are large gaps. If a sample were to be drawn from this range, it would result in a listed number in only . percent of instances. Even working on an assumption of  percent of unlisted numbers, the hit-rate would be less than one percent. Of course, this solution consumes both too much time and too much money.
A more efficient design would be to exclude those gaps between the listed numbers, where no unlisted numbers are to be expected. This may be achieved in the following manner:
. The first step was to export all telephone numbers for all , area codes from the CD-ROM telephone directory and to create blocks of a length of  numbers for the full range of numbers. In the example above this would mean that the first block is from -, the second block from - and the last block from -. In practice, some of the blocks include many listed telephone numbers, that is, the numbers follow closely in a block. But between the blocks there are often large gaps with no listed numbers in a block. This structure makes pure RDD highly inefficient in Germany. We believe that there are normally no unlisted numbers in these gaps, that is in the blocks without at least one listed number. in the blocks with at least one listed number. Thus, because the empty blocks are excluded the hit-rate increases considerably.
From this universe of possible telephone numbers-the frame-we draw simple random samples or stratified samples. As variables for the stratification we can use, for instance, the area codes, the length of subscriber numbers and the block densities of listed numbers.
The first German frame of this kind was developed at the Center for Survey Research and Methodology (ZUMA) in . It is updated at least once a year. In the meantime other institutes such as Survey Sampling Inc. (http://www.surveysampling.com/ssihome.html) or the ADM Arbeitskreis Deutscher Markt-und Sozialforschungsinstitute e.V. (http://www.adm-ev.de) also work with sample designs based on such a frame. Altogether, this idea has become the standard for high-grade telephone sampling in German social sciences in the last two years.
PRACTICAL APPLICATION
To illustrate the usability of this approach we want to demonstrate the results of an experiment conducted by the ZUMA telephone lab to test our sampling design. The target population consisted of persons living in private households aged  years and above. The selection within the households was done by the last-birthday-method. The fielding period was March  to March , . The time for contacting and interviewing was from . a.m. until . p.m. on different days of the week (excluding the weekend). Each number was contacted ten times. A total of  interviews could be realized. An additional attempt to catch more of the 'always ringing, no answer' numbers was undertaken after the Easter holidays on April , . On that day we got another  interviews, resulting in a final number of  interviews from the , numbers selected by simple random sampling. Table  gives a breakdown of the outcomes for this experiment, vital for the computation of the response rate.
T  Frequencies of the length of the subscriber numbers in the gross sample, in the net sample (realized interviews) and in the total of the sampling frame from 
Length of
Gross sample Net sample Known distribution subscriber numbers (n=,) ( n =) from frame Percentages
Of , generated numbers,  were clearly not working numbers. In these cases a computer voice was heard, informing the interviewers, that the dialed number was not a valid telephone number. Usually, such numbers should be screened out in advance of a study, but unfortunately, the ZUMA telephone lab still does not have the appropriate technical equipment (predictive dialers). Difficulties for the computation of the response rate are caused by numbers dialed ten times without ever getting any answer. It is hard to decide whether such numbers are not valid telephone numbers or whether the persons in the household were absent during the fielding time. When we take into account a block density of listed numbers of  percent and assume a rate of unlisted numbers of  percent of all numbers (the mean value for Germany), we can expect that a third of our generated numbers are not telephone numbers. That implies that about half of the numbers in the category 'always ringing, no answer' should be working numbers. One could argue that the fielding time of our experiment was too short or that we should have also worked on weekends to increase the number of successful interviews. This is of course correct, but was not compatible with our budget restrictions. Further research would be needed to clarify this point.
To gauge the quality of both the gross sample and the net sample, we compared the distributions of some variables with the known distributions of our sampling frame. First we analyzed the frequencies of the length of the subscriber numbers. These results are shown in Table  .
As the result of the 2 -test indicates, there are no significant differences between the length of the subscriber numbers in both the gross and the net sample, compared to the universe of numbers. This is an essential point, because it is an indication of the level of representation of urban and rural areas as well as older and newer telephone numbers.
In a second step we checked the frequencies of the area codes in the gross sample and in the net sample compared to the information from the frame, because this variable gives an indication of the regional distribution of the generated numbers and the realized interviews. No significant differences between the respective distributions were found. This information is another useful indicator of the quality of our samples.
Finally, we looked at the block densities of listed numbers in both samples and the whole frame. There is hardly any difference between the gross sample (.) and the frame (.) with regard to this variable. But the block density of the net sample deserves special attention: it amounts to .. That means that more interviews were realized in blocks with a higher block density of listed numbers. Obviously, we got too few interviews from blocks with a very low density, especially from those with only one listed number (three interviews out of  generated numbers). These blocks with only one listed number are difficult to handle. We have a lot of them in our frame, but some tests showed us that many of the block-constituting numbers we found on the CD-ROM are not valid telephone numbers but are errors. If we left out all of these, block density would increase and the design would be more efficient. On the other hand, we could make a mistake because some valid numbers may exist in these blocks-as our example shows. We have to continue to deal with that problem. We also have to test whether it is useful to consider the block density as a variable for stratification. This would be meaningful if we found dependencies between the block densities and our variables of interest.
CONCLUSION
The presented sample design is well suited for use in cross-cultural studies, because it meets Kish's demand of strict probability. Moreover, it yields equal inclusion probabilities for all numbers and is the current best practice in Germany. In this respect, it is comparable to the Random Digit Dialing-Techniques (Lavrakas ) applied in the USA, the block-based RDD employed in the UK (Nicolaas et al. ) , or the telephone book assisted sampling in countries where listing is compulsory (e.g. Switzerland until ).
